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having D-amino acid substitutions in the 7 and 8 positions and/or N-alkylated or N-acylated amino acids m the 7 position are 
particularly resistant to degradation in vivo. 
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5 ANALOGS USEFUL FOR Dt'iO L BETES T^f ^ft J^p iT 

/ This, is a contsjqiuation«^ln-part of .U^S. 
Application Serial No. 468,736," filjed 24 January 1990. 

10 Technica l Field 

The .invention relates €o. the field of improved 
pharmaceutical compos it ibfis: Specifically, the invention 
concerns analogs of the glucagon- lUte peptide I fragment 
7-36 or 7-37 with, improv^'d pharmacological properties. 

15. /- 
Background Art . . . ' . 

Glucose metabolism is'*^ regulated by a number of 
peptide hormohes, includiiig irifeuiiin, glucagon; and 
gastric inhibitory 'peptidfe (GIP) . The- complex mechanism 

20 by which these Apeptide'horfione^. reg^ tliis metabolism 
and the manner in which "^ey &f f efel^: each other is at 
least partially elucidated. Fbr^^es^ample, glucagon binds 
to receptors on the surface of t^i^ pancteatic beta cells 
which produce insutin, And fstimiilates insulin secretion. 

25 Glucagon-like peptide I' has heen\,siiig^este^^^ to stimulate 
insulin secretion but this has* hot'^ifeieen confirmed. 

Several of tb'd|fe.4iormones'*'ori^ from a mam- 

malian glucagon prec\irsi)r •'progixTdagdh^" which is a 180 
amino acid peptide.. Proteolysis. aiVd processliig of this 

30 peptide, results in a number of the^ prbteih hormones; 

•±hB results of the processing dep*0nd. on the origin of the 
cells in which toi^.ocJcur&V For exdtople, in the pig and 
.rat pancreas, proglu'cagbit: ^.-pjtpi^feed. t^ glucagon 
and giicentin-related pancreati'b' it>eptidB, a large peptide 



WO 91/11457 PCr/US91/00S00 



-2- 



which contains both GLP-l and GLP-2 sequences 1 in* 
porcine small intestine, the secreted products are the 69 
amino acid glucagon-containing peptide glicentin and the 
two glucagon-like seqiaencesr GLP-l and GLP-2 as separate 
S peptides. 

In any event, however, the overall sequence of 
proglucagon contains the 29- amino acid sequence of 
glucagon, the 36 or 37 amino acid sequence of GLP-l and 
the 34 amino acid sequence of GLF-2,' separated by amino 

10 acid spacer seqpiences^ 

Early attempts to assign a pattern of activity 
to GLP-l gave ambiguous results, and it was subsequently 
concluded that tiruncated forms of this peptide are bio- 
logically active. Mojsov, S. , et al, J Clin Invest 

15 (1987) 79:616-619 disclose that only the 31 amino acid 
peptide GLF-X (7-37) strongly stimulates the release of 
insulin from pancreas; although both the truncated and 
full length 37 amino acid form had earlier been found in 
pancreas and intestine. It has been demonstrated that 

20 GLP-l (7-3 6) , possibly with the carboxy terminus 

- amidated, is also a potent mediator of insulin release. 
(See, e.g., Hoist, J.J. , et al. FEBS Letters (1987^ 
211tl69-174) . 

The invention described below concerns analogs 

25 of these truncated forms of GLP-l, which have desirable 

combinations of characteristics as they relate to potency 
In potentiating glucose-induced insulin secretion and 
glucose-induced inhibition of glucagon, secretion and to 
circulating half -life. The physiological effects of the 

30 truncated forms in potentiating glucose-induced insulin 

secretion have, been shown as described above by Hoist, 

J. J., et al. and Mojsov, S., et al. (supra). The 

activity of the truncated hormones in Inhibiting glucagon 

release has been shown by Orskov, C«, et al. Endocrinol 
35 . 
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(1988) 123:2009-2013; Siizuki, S^^.et al. Diabetes 
Research: Clinical Practice ri9Bai SfSupp, 1):S30* The 
circulating half -life of. these truncated fonns is 
short — approximately four minutes as shown by Kreymann et 
5 al. The Lancet (December 19*87) 1300-1303. The 

modified forms of these truncated GLP-1 peptides provide 
the opportunity to optimize - these properties* 

There , is sbme^li^erature irelating to the study 
of degradation of peptjLd4i.j3j6riivohe^^^ the liver , and in 

10 plasma and the half-life .of suchVhormones jJX vivo 

. generally. An early paper ;by rtcDbnaJLd, J.'K. et al., J 
Biol Chem (1969) 241:6199,-6208 Showed that a dipeptidase 
was responsible for th^ .dLegradatioh of glucagon in rat 
liver. Studies on the gppQWth hormone releasing factor, a 

15 member of the general gl^ju^aigon, was 
shown to be rapidly degraded iii;|)lasma in vitro and also 
in vivo by a dipeptidase/ (Frohman, L.A. et al., J Clin 
Invest (1986) 78 : 906-913 x", -jlurphy, W.A. et al,, in 
Peptide Research (l^SS) i':'i6'-41; *5^showed that some but not 

20 all alkylated growth hormone releasing factor peptides 

had higher potency in vivb ; In jJartieular, for example, 
the triisopropylated GRF-ig was found to be 106 times 
more active than GRF-:2^ itself. On ^^the other hand, GRF- * 
29 Which, was in methylated at the . N^terminus was only 40% 

25 as potent as the parent.. It was also shown that 

substi'tution of D-Ala position .2 of this hormone enhanced 
its potency* It was, of course, ..not certain to what 
effect on properties the enhancMient of potency could be 
attributed. 

3 0 Others have attempted so'i^^e modifications of 

GLP-1 (7-37) . It h^s been shown that deletion of the 
histidine residue at pbsitiorf 7 greatly diminishes the 
activity of the hormone (Suzuki, S., et al. (supra); 
Hendriclc, O.K.; et al. Abstract: Endocri ne society 
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Meeting. New Orleans. LA (1988) )• There have been 
conflicting reports concerning the effect of one or mora 
C-terminal deletions (SuzuJci, S. , et al. (supra); 
Yanaihara, C, et al. Abstract for A Glucagon and Related 
5 Peptides Satellite Symposium, 8th International Congress 
o£ Endocrinology, July 15-16, 1988, Osaka, Japan). 
However, there is an extensive literature with regard to 
modifications of other members of this peptide hormone 
family, such as GIP, glucagon releasing factor (GRF) , 
10 secretin and vasoactive intestinal peptide (VIP) ^ 

Disclosure of the Invention 

The invention provides modified forms of the 
GLP-1 (7-34); (7-35); (7-36) or (7-37) human peptide or 
15 the c-terminal amidated forms thereof. The native 
peptides have the amino acid secjuence: 

7 10 15 20 . 25 

H-A-E-G-T-F-T-S-D-V-S-S-Y-L-E-G-Q-A-A- 

20 30 37 

K-E-F-I-A-W-L-V-K- (G) - (R) - (G) 



wherein fG) , (R) , and (G) are present or absent depending 
on indicated chain length. The modified forms contain 

25 one or more alterations of the native structure and are 
of improved ability for therapeutic use. Either the 
modified forms have greater potency than glucagon to 
potentiate insulin secretion or enhanced stability in 
plasma or both. This potency and enhanced stability can 

30 be assessed as described below. 

The standard one letter abbreviation cpde for amino 
acids is used,. 

The analogs of the Invention which show enhanced 
insullri stimulating properties have the foregoing 
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sequence, or the C-tenoinal amide thereof, with at least 
one modification selected from the group consisting of: 

(a) substitution 6;t" a neutral amino acid, arginine, 
or a D form of lysine for. fysine at position 26 and/or 3 4 

5 and/or a neutral amino 'acid, lysine, or a D form of 
arginine for arginine at'jposition 36; 

(b) substitution of an oxidation-resistant amino 
acid for tryptophan at position 31; 

(c) ' substitution according to at least one of: 
10 Y for V at position 16; 

K for S at position 18; * 
D for E at position 21; 
s for G at position 22; * 
R for Q at position 23; 
15 R for A at position 24; and 

Q for K at position. 26; 

(d) a substitution comprising at least one of: 

an alternatives-Small neutral amino acid for A 
at position 8; . 

20 an alt:ernatlve acidic amino acid or neutral 

amino acid for. 2 at'' position 9 ; 
an alternative iieutrai amino acid for G at 
position 10; and 

an alternative acidic amino acid for D at 
25 position 15; and' 

(e) substitution of an alternative neutral amino 
acid or the D or N-acylated. or alkylated form of 
histidine for histidine at position 7." ' 

With respect to mqJiif xcatioiis (aj , (b) , (d) and 
30 (e) , the substituted' amino acids ^may be in the D form, as 
indicated by a superscript tr .e';^. , C^. '^he amino acids 
substituted at ^)6sition 7 can also be in the N-acylated 
or N-al3cylated. forms'. 

35 



i 



ODOC 



10 



WO 91/11457 

PCr/US91/0OSO0 



-6- • 

Thus, one aspect 6f the invention is directed to 
peptides having enhanced insulin stimulating properties 
analogous to the above-nentioned truncated fonos. of GLP-l 
(7-34) to GLP-i (7-37), as described above. 

In another aspect, the invention is directed to 
peptides which show enhanced degradation resistance in 
Plas»a as compared to GLP-i (7-37) wherein this enhanced 
resistance to degradation is defined as set forth below 
in these analogs, any of the above-ientioned truncated 
forms Of GLP-i (7-34) to CLP-i (7-37) or their Cterminal 
aoldated forms is modified by 

(a) substitution of a D-neutral or D-acidic amino 
acid for H at position 7, or 

(b) substitution Of a D-amino acid for A at 
15 position 8, or 

(c) both, or 

(d) substitution of an N-acylated or H-alkylated 
form of any naturally occurring amino acid for H at 
position 7. 

Thus, analogs of the invention which are resistant 
to degradation include (K-acyl (1-6C) AA)^ GIJ»-i (7-37.) 
and (N-alkyl (1-6C) aA)' glp-i (7-37) wherein when AA is 
a lysyl residue, one or both nitrogens may be alkylated * 
or acylated. AA symbolizes any amino acid consistent 
with retention of insulin stimulating activity. 

For substitutions of D-amino acids in the 7 and 8 
positions, the D residue of any acidic or neutral amino 
acid can be used at position 7 and of any amino acid at 
position 8, again consistent with insulin stimulating 
30 activity. Either or both of position 7 and 8 can be 
substituted by a D-amino acid; the D-anino acid at 
position 7 can also b4' acylated or alkylated as set forth 
above. These modified forms are applicable not only to 
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GLP-1 (7-37) but also the* shorter, truncated analogs as- 
set forth above. 

In other aspects, the Invention is directed to 
pharmaceutical compositions nsontaaning one or more of 
5 these peptides as active i-ingredients and to methods to 
treat Type II diabetes using these, peptides or 
compositions thereof. v * . - 

** ' 

Brief Description of the Drawings . < . 
10 Figure 1 schematically outlines the classification 

of amino acids as used herein. . 

Figure 2 gives a list of various compounds of the 
invention. - 

Figure 3 shows the results [of -radiolabel sequencing 
15 analysis for degradatioiii .df two' analogs in plasma. 

Figure 4 shows tKe; resTilts/bf ''•i>arious GLP-1 (7-37) 
analogs with changes in the aminp- terminal region, to 

displace (7-39) ^from^ aiino .terminal specific 

. * •** * 

antiserum. • ' . 

20 -^^ \ \' ' ' 

Modes of carrying out the; Invent ion 

The analogs of -.the. invention, which are modified 

forms of the GLP-i^ 7-34) i (7r:a5j i (7-36) or (7-37) are 

characterized by showingil^reater patency than 'glucagon in 
25 an iT ^ vitro assay measuring insulin release from isolated 

rat islets in culture, or by enhanced stability in plasma 

or both. : ' " 

Assays for 'Analogs with Enhan&ed Insulin Release 
Stimulating Propeorties : ? .:; 
30 One group of analogs of the- invention "is more 

potent than glucagon in stimuratin^/ insulin .release from 
islet cells.. By . being "more po.t^ent than glucagon in 
stimulating insulin releasee from islet cells" -is meant 
that the analog referred ^to shows greater potertfey in an 

35 
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in vitro assay selected from the group consisting of the 
following: Rat islets for these assays are isolated by 
the method of Sutton, R. et al.. Transplantation (1986) 
42:689-691, incorporated herein by reference. Briefly, 
5 Sprague-Dawley male rats are anesthetized and the lower 
end of the common bile duct is cannulated with a 2 FG 
cannula tied in place* The- left and right hepatic ducts 
are then ligated separately above the region of the entry 
of pancreatic ducts into the biliary tree. The rats are 

10 killed by exsanguination and 3 mL Hank's solution 

containing 7.5 mM CaCl^* 20 mM HEPES buffer and 1-6 mg/mL 
Type I collagenase are run into the cannula to uniformly 
distend the pancreas. The pancreas is then excised and 
placed in a beaker on ice prior to incubation in Hank's 

IS solution containing 20 mM HEPES. buffer at 37°C. 

• After 13-25 min of incubation » the pancreas is 
removed and placed in Hank's solution containing 5 g/1 
bovine serum albumin and 20 raM HEPES buffer at 4°C. All 
of the pancreatic tissue is then gently syringed through 

20 a 14 FC needle, suspended in further Hank's solution 

containing HEPES as above, centrifuged: at SO. g for 10 sec 
and the supernatant is discarded. The tissue pellet is 
resuspended and again gently syringed r' followed by 
another wash, after which the dispersed tissue is passed- 

25 through a nylon mesh filter of 500 u pore size. The 

filtered tissue is centrifuged at 350 g for 5 sec, the 
supernatant discarded, and the tissue is then suspended 
in 25% Ficoll made up in Hank's with HEPES as above, on 
which was layered a discontinuous density gradient of 

30 23%, 20%, and 11% Ficoll solutions. This density 

gradient was spun at 750 g for 10 min at 4 C, and the . 
tissue obtained from the. upper two interfaces was washed 
three times in Hank's solution .and viewe4 through- a 
dissecting microscope for hand picking of* islets. 
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In one approach .the- .ability of the GLP-i analog to 
potentiate secretion from these Islets is then determined 
according to the method Schatz, H. et al., in "Methods 
in Diabetes Research!* ,(1?8a^. Volume :!,/ Part C: pages 
5 291-307, incorpo?rated:>0rein by reference. In this 

method, 5-10 isl.ets per test tube are. incubated, in 1 ml* 
Krebs-Ringer-bicarbpnate': puffer CKM buffer) . For 
testing, glucagon or the modified ^halog of the invention 
is added at 5<*1Q /ig/mli. ' (the level of insulin released 
10 may be measured by "..the method of Jensen, S.L. et al., M J 
Physiol (1978) .i3S:B381^Bf38:6, incorporated herein by 
reference. • " ..r- 

The following protocol is a. preferred method to 

15 measure stimulation of insulin secretion. After 

collagenase digestion* ; the islets are allowed to recover 
overnight by incubation in DHEM (Dulbecco's Modified 
Eagle Medium 16 w/o glucosie) , . 2 . 8 mM glucose, 10* fetal 
bovine serum (FBS^ at 37»9c,; 5% CQ^. 

20 The next ..day, islelis to be. used for the experiment 

are transferred to DMEM, Yio gluco^i, 0*2% BSA (Armour, 
clinical grade, made at 5* stocK) for a 60 min 
preincubation in serumrfree, glucose-free medium. Islets 
are picked up by Eppendorf pipette and rtransf erred to 60 

25 mm TC plates containing i.o mL medium arid returned to the 
incubator, for '60 min. Islets eure counted during this 
transfer. (Note: each d^ta pbiat is 5 islets, 
experiments are usually rp.erformjBd in quadruplicate; 
therefore, 20 islets are^used per data point.) 

30 Typically, recoveries arje 150-2CL0 islets per pancreas. 

Any suspect Islets — too ragged or falling apart — are not 
used. r . . • 

During the 60 min preincubation, the experiment is 
set up, so that all that is needed at the end of the 

35 
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preincubation is to transfer islets in groups of 5 to • 
experimental conditions. The experiment is set up in 48 
well TC plates with 0*5 mL medium per well. To DMEM-0.2% 
BSA is added glucose to desired concentration (usually 
5 2«8 mM for hypoglycemic conditions, 5.6 mM glucose for 
euglycemic, or 16.7 mM glucose for hyperglycemic) and 
test compound at various dose ranges (typically, 1 pM to 
100 nM) - Test compound is diluted from stock stored at 
-SO^C and at -0.3 mM serially into phosphate buffered 

10 saline (PBS) 0.2% BSA to prevent loss on sides of tubes. 
After fiieditin plus test compound is mixed, '0.5 nL each is 
added to 4 wells for quadruplicate data points. 

After the preincubation period, 5 islets are added 
per well. Islets are picked up by eppendorf pipette in 

15 25 ul volume. Incubation continues another 60 min, at 
which time 0.3 mL is harvested per well with care taken 
not to pick up islets. Wells are then rechecked for 
islet n\imber« Medium is then assayed for insulin content 
using an insulin RIA. If medium is not immediately 

20 assayed, it is stored at *20^C until assay. Dose 

response curves for insulin secretion are plotted and 
ED^Q is calculated from the curves. 

Higher potency as compared to glucagon is defined 
as either higher levels of insulin released by the analog 

25 using, the same concentrations of glucagon and analog or, 
alternatively, the same level of insulin release but 
using a lower concentration of analog than glucagon. 

While the foregoing assays form specific criteria 
for judging enhanced potency, alternative assays can also ^ 

30 be used as substitutes for those set forth above. 

An additional test for potency of the compounds of 
* • the invention measures their ability to stimulate cAMP 
production in RIN 1046-38 cells.. This assay can be. 
conducted as follows: 
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On day 1, 5 x 105 

^ RtN 1046-38 cells (Drucker, D.J,, 

et al., Proc Natl Acad Sot USA (19S7) 81:3434-3438) are 

seeded into indivii^ual wells of 6-well dishes with 2*5 iqL 

M199 culture medium. On day 4, t:elis are re-fed with 

fresh mediuia and on day' 5 'the assay is performed. At 

this time there are -2.0-^5.5 x IQ^ cells per well. 

Assays are only performed/on cell' paf^sage $24., 

At time -"60 mln, mdnolayers are washed twice with 

2.5 mL PBS, and. medium iiSochanged to 1.0 mL of DMEM 

medium plus 4.5 g/1 fgl'ucdse and o'.lf BSA (assay medium). 

At 0 time, medium is as|>irated and fresh assay medium, 

1.0 mL, containing test compound is added. Test compound 

is added in 50 ul volume "bf PBS plus 0.1% BSA; controls 

are added in vehicle alone. Incubation is continued for 

0 to 60 min. 

At termination, conditione'il medium and monolayer 
are harvested to measure ' both extfra-^ and intracellular 
cAHP content. For ^xtr a ^llular measurement, medium is 
removed and centrif\Jiged to remove any cellular debris. 
For intracellular determiKation, after medium removal, 
1.0 mL of ice cold. 95% eUianol is. added to monolayer. 
Cells are collected by scifaping, lyseid by two cycles of 
quick freeze/thawing using liqu^'K^/^'axid cell debris 
than removed by centrifugation.; -Allcpiots (iy40th well 
content) of conditioned Jiiedi\m 'arid ethanol cell extract 
are measured in duplicate for cAf© levels using an RIA 
kit by the acetylated protocol. 

As above, higher potency as compared to glucagon is 
defined either as higher' cAMP stimulation by both the 
analog and glucagon at the same cbncehtratioh, or the 
same cAMP stimulation .by the analog at a 'lover 
concentration* 

.Still other assays. for measurement of enhanced 
potency to mediate insulin release can be used. 
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• • The ability of the compounds to potentiate "the " ' 
release of insulin can be tested both in vi.r-o and in 
vi^. insulin released can be detected using a sta;;^ard 
antibody assay both in analysing plasna in in viv» 
studies and in analyzing »edia or perfusion liquid in 

For example, a useful 4n vUr<7 assay uses the 
pancreatic infusion assay method of Penhos, j.c et al 
filateatSS (1969) 11:733-738, as employed in the method of 
weir, G.C., et al. J eUn Tnv^5t1a>»t (1974) 51:1403-1412 
insulin secretion can also be measured by the method 
described by Hoist, j.j., et al. FEBS r..^^,., 
2U:169-174 (supra). Also useful as an assay for 
insullnotropic effect is the measurement of stimulation 
of adenylate cyclase in the RIN 1046-38 cell line 
Drucker, D.J. et al.. Proc. r^.r^ 
11:3434-3438 (supra). 

inhibition Of glucagon release can be shown as 
described by Orstov, c., et al. In^ocEinol (igaa) 

123:2009-2013; Suzuki, S. , et al. Diabet... p 

CUn?.gal pr^rtfre (1988) ^(Supp. i) :S30 (both supra). 
Assays for Knhanr>.H c-^bim-v .h^ n ^ grad;.<; S 
The therapeutic efficiency of the GLP-l analogs of 
the invention can also be enhanced by providing analogs 
25 with increased half-lives in JOva. By "enhanced half- 
life in xivft" is aeant a demonstrated ability to resist 
degradation in the presence of plasma according to an 
assay selected from the group consisting of the 
following. In all assays, the plasma is prepared by 
collecting blood into heparlnized tubes, placing the 
tubes on ice and centrifuging at about 3.000 rpm for lo 
minutes in. a tablet op centrifuge. The. separated plasma 
is stored at 4«C. 
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A. Radiolabel Seoxienelng ; 

The GLP analog .is ^pk^adjby radio- iodination in 
position 19 using, standard radioiabBling methods. After 
exchange into RIA buffer- (5(^BH,Ka.HP04 pH 7.4,^ 0.25% BSA 
(Armour insulin and FFA free). O.S%;.BME, 0.002% 
polylysine (Slgna 15,Q0p mw) , O.OSi.Tween 20> 0.1% NaN ) 
the radioiodinated j.eptii{e (about IqS cpn/SO mL) and cold 
uniodinated pejptide (20 jxl lOO mi) are. added into 2 ml of 
plasma to a final concentration of X nM and incubated in 
a circulating water batlt...|or preset: times-. Total RIA 
buffer added to plasma n^Ver exceeds 5%. .of total volume 
At the end of incubation>.. 10% bacitracin, (w/v) in water 
is added to a fin^l conti^tratioit of 0.1% to stop the 
reaction. • - •. 

The plasma is then. extracted using CIS Sep-Pak to 
separate the analog and ,ahy fragments from the bulk of 
the plasma proteins. Sep-Pak cartridges (Waters) are 
washed with 2. «L of l-propanpl, followed by 2 mL of water 
..and then equilibrated wi^h. 2 .mL of .20% CH3CN containing 
0.1% trifluoroacetiq,:acj^,(,TFA) .{Buffer A) . ■ ■ 

The baoitrac4.Ti-trea;ted: plasma is made 20% CH-CN 
with CH3CN containing 0.1% . TFA and is.. expressed slowly 
through a 3 ..mL plastic syringe ^hrqugh the cartridge. 
The cartridge is then washed with, two 1. ml. Buffer A 
washes and eliited with a":ipingle 2 mL wash of 50% CH CK 
containing 0,1%. tfa (Buffer B). into>a siliconized 12 x 75 
glass tube. Recovery of the analog or fragments is more 
than 90%. . . .-; ' 

The eluates are concentrated to loo ../il in a Speed 
vac and transferred . to a". 1.5 ali- Eppendorf tube to which a 
X ttL RIA buffer rinse-of the original tube had been 
added. 

To purify any analog, or its', fragments when the 
analogs of GLP-i (7-37) are used, the concentrates are 
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treated with 5 pi of antiserum prepared to a synthetic ' 
peptide corresponding to residues 24-37 which recognizes 
GLP-1, GLP-l (7-37) but not GLP-1 (7-36) . when the 
shorter foras of analogs are- used, alternate carboxy 
terminal-specific antisera {prepared in the same manner 
but using a peptide corresponding to residues 24-34, 24- 
35 or 24-36 as imnunogen) are used. To this is added 100 

of a 10% (w/v) solution of protein A-Sepharose 
(Pharmacia) in PBS, and the mixture is incubated 
cvernight at <'c with gentle rocking. The Sepharose is 
then pelleted with a 5 second spin in an Eppendorf 
centrifuge at 4-C after which the pellet is washed two 
txaes with cold RIA buffer and four times with cold PBS. 

Polyclonal antisera were raised in Kew Zealand 
White rabbits against a synthetic peptide fragment 
corresponding to residues 24 to 37 of dJ-i (7-37) using 
the method of Mosjoy, s. et al. , j Bfoi rh,^ ^^986) 
a^: 11880-11889. initial immunizations were into the 
inguinal lymph nodes and used Freund's complete adjuvant 
Two subcutaneous boosts were performed at 1 week 
intervals after the initial Immunization and used 
Freund»s incomplete adjuvant. For a single immunization 
or boost 100 Mg peptide and 100 ng methylated BSA 
dissolved in 0.3 mL phosphate-buffered saline (PBS) were 
25 emulsified, with 0.9 mL adjuvant.- Bleeds (50 mL) began at 
week 6 after the initial immunization and continued at 1 
month intervals thereafter. Repeat boosts were performed 
as above when titers dropped noticeably from the level of 
the previous bleed. 
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Serum was prepared by allowing the blood to clot 
overnight at 4«C. The clot was pelleted by. . 
centrifugation at 2000 g for 15 minutes and the serum 
removed. Serum is stored in aliquots at -20 or -so'C. 
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. The peptides .are- then eluted fro» the antibody 
protein-A sepharose co»pl^x with th^ee 100 Ml washes of 
Buffer B The combined ^SOO ^1 of wash are then applied 
directly to an ABI .bdel 477^ se^e^cer used according to 
the manufacturer's instructions.- Fractions from each 
cycle are.^ then.. diverted . ipr counting, counting can be 
effected in 4. mL aqaeo^s./scintillant ..<acs, Aaersham) , 
The cycle at which Ubel appears indicates the 
extent of degradation frcir the H-tei^nus. if „o 
degradation from the K-terminus ha^ occurred in the GLP- 
1 (7-37) analog, aia of the label win appear i„ the l3th 

degradation has occurred, tjie labW wdli appear in 
***lier cycles. • 
" B. Assay bv t^p-«T»r^. . :. ..Ar, .. 

evhl^r^'^'' T 4'* Clear criterion for 

exhibiting a longer ha^f-^ife in -pWy alternative 
fonns.cf the assay .fbr. tMs . property can also be used, 
in one convenient assay,. -bhe an^bg'- can be assessed for 
20 degradation into frag„ertts us irtg^ -reverse" phrke-HPr,C 

since the fragments have -different 'retention times tram 
the analog per se. m thik ^,4, the analbg is added to 

»l!^od T "t^'^"^ ^^»- "^^^^ov^ed sinilarly to the 
method described- above. £6r. radioiabei' sequencing 

" Z'T-' p.Tr'""''^' ^^"^"^ - concentration of 
100 nlf m RIA buffer is ^iked- iiito i „l plasiia to a 

final concentration of i ^.^^fter incubation in 27'C 
Circulating water bath for various -preset tines, the 

30 rT"r by bringing the plasma to o.l* (w/v, 

30 in bacitracin. . - . . • r- . 
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The peptides are then- "purifi^^by Sep^Pak 
extraction as described '.above. . ^hW^'eiuates are 
concentrated to about i inL on a Sp^eid-vac, . diluted . with 1 
BL distilled water, frdzen at 80-C ^hd lyophillzed ' 
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overnight. The powder is resuspended in 0.5 aL Buffer C 
(0,1% TPA in water) per mL starting plasma and 0.25 ml* 
are injected on a Hewlett-Packard 1090L liquid 
chromatograph using an Alltech C18 column (0.45 x 25 cm; 
5 10 particle size) with a Brownlee 2 cm C18 guard 

coI\imn. The extraction is monitored at ODj^^^ throughout 
the run and the solvent flow rate was 1 mL/minute. K 
gradient between Buffer C and Buffer D (0.1% TFA in 
acetonitrile) is set up over a 40 minute run time. The 

10 gradient starts at 35% D is held for the first 2 minutes 
after injection and then increased to 42% D over 24 
minutes. The gradient is then increased to 60% D over 
the next two minutes, held at this, level for 2 minutes 
- and returned to 35% D over the next 2 minutes. The %D 

15 remains at 35% for the remaining 8 minutes, of the run- 
Fractions are collected at 0.5 minute intervals for the 
first 30 minutes of each run and dried in a Speed-vac. 
The samples can be assayed for the presence of analog or 
. fragment using RIA (measuring competition with labeled 

20 GLP-l (7-37) for binding to c-terminal specific 
antiserum) or by any conventional or convenient 
alternative method- 

Radioimmunoassays for the amino or carboxyl 
terminus* of Gr<P-l (7-37) use a single antibody 

25 displacement format. Binding of ^^^I-GLP-1 (7-37) to 
antibody is incrementally displaced .by increasing 
concentrations of unlabeled peptide in solution. 
Antibody bound iodinated peptide is separated from free 
iodinated peptide in solution by precipitation of the 

30 antibody-peptide complex with Pansorbin^ (Boheringer 
Mannheim) . The resulting pellet is .then counted on a 
gamma counter. 
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C. Loss of Bindinct to N-ferrninal Specif ic 

Antibodies ; . . • • ; " ' 

A third approach ittf assessment of half -life in 
plasma utilizes polyclonal *'or mohbc-^cnal antibodies 
5 specifically prepaSred tor 'the N-terninus which will fail 
to bind degraded analogi/'" These 'amti'j5 era were raised 
against a synthetic peptide- corire^lSnding to GLP-l (7- 
22) which contains an additional cysteine residue at the 
carboxyl terminus and is spe<^iflcaliy coupled to KLH via 
10 the cysteine usin^ mal-^sacss-^HSKA els described by Aldwin, 
et al. Analytical Biochep (1987) lfil:.494-501; 
Polyclonal antibodies were generated in New Zealand white 
rabbits by giving a primai-y immunization into the 
inguinal lymph nod&s -oi :S0O /xg c6nj.ugate emulsified with 
15 Freund*s compile adjtr^ht and ^ then two subsequent boosts 
of 200 M9 e^ch'in F]f^'tijnd*'s ihcdm^iete'*adjxrsra[h€ at 2 week 
intervals. Blood -(50 ml*) is 'cdlifectecl monthly thereafter 
and boosts are ' performed if titer ^ aire. low. For 
generation of monoclona:i .antibodies, Baib/c mice were 
20 immunized intraperitoheally -with "^ido /ig^'of conjugate in 
0.5 ml Freund*s complete 'ad:^vahb« ''Mice' were Boosted 
biweekly with 100 fig conjugate in 0.5 ml Freund's 
incomplete adjuvant. Cells isolatefi'from the spleens of 
these mice were fused With Fox-uy/'dells tJo produce 
25 • monoclonal cell liheg. Monoclonal secreting cell lines 
are produced using the st&ridard Kohl^r-Hillstein 
technology. Monoclonal ^upernatShts and polyclonal sera 
are screened using an ELI ^ A method for binding to GLP-l 
(7-37) but not to GLP-l (a-37) . The specificity is 
3 0 confirmed in standard * sdfiition phase 'RIA. 

The kinetics- of degradation b.f GLP-1 (7-37) are 
followed by adding the analog to human plasma in RIA . . 
buffer, generally 10 jiL o£ ,100 ic concentrated peptide is 
added to 1 mL of 'plasma to bbtaih the desired 
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concentration; the sample is then incubated in 37 «C water 
bath and triplicate 50 juL aliqfuots are removed at various 
t:iines. The aliquots aire immediately ethanol precipitated 
for radioimmunoassay using ar competition for binding of 
5 the N'terminal specific antibody with radioiodinated GLP- 
1 (7-37) . Disappearance of the ability to compete with 
the radioiodinated GLP-1 (7-37) peptide indicates 
degradation of the analog. 

In any of these assays, the analog tested has 
10 enhanced stability if it is less rapidly degraded than 
GLP-1 (7-37) . 

The Analogs 

The analogs of the invention having higher potency 
15 than glucagon or having enhanced degradation resistance 
are modified forms of GLP-l (7-34) through GLP-1 (7-37) 
where in I in some instances, amino acids of certain 
classes are substituted for the naturally occurring 
residues* 

20 Amino acid residues can be generally subclassif led 

into four major subclasses as follows and as shown in 
Figure 1. 

Acidic: The residue has a negative charge due to 
loss of H ion at physiological pH and the residue is 

25 attracted by ac[ueou3 solution so as to seek the surface 

positions in the conformation of a peptide in which it is 
contained when the peptide is in aqueous medium at 
physiological pH. 

Basic: The residue has a positive charge due to 

30 association with H ion at physiological pH and the 

residue is attracted by aqueous solution so as to seek 
the surface positions, .in the conformation of a peptide in 
which it is contained when the peptide is in aqueous 
medium at physiological pH. * 
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Neutral/nonpolar: -.The residues are not charged at 
physiological pH and the residue, is repelled by aqueous 
solution so as to seek the inner positions in the 
conformation of a peptide in- which it is contained when 
5 the peptide is in aquepu3: mediua*.?' -^Theise residues are 
also designated "hydrophobic" herein. 

Neutral/polaj:: The -residues are not charged at 
physiological pH, but the residue is attracted by aqueous 
solution so as to seek the-outer positions in 

10 the conformation of a pep^tide in which it is contained 
when the peptide is in ;4queous m^ios. 

It is understood, of course, that in a statistical 
collection of individual residue molecules some molecules 
will be charged,, and same^,not| jind there will be an 

15 attraction for or repulsjpn f rop aiir aqueous medliua to a 
greater or lesser esctent'i- To fit the definition of. 
"charged*^, a s-ignif icant^.percentaf (.^.t^^^ ap- 
proximately 25%) of the individual molecules are charged 
at physiological pH, The degre.e!.^6fVattraction or repul- 

20 sion required for classification ^s; polar or nonpolar is 
arbitrary, and, therefore., amino. aci^s specifically 
contemplated by the invertilon have been, specifically 
classified as one or the/ other. Most amino acids not 
specifically named, can .b,e.- classified on the basis of 

25 known behavior. . . 

-Amino- acid residues can be further subclassif ied as 
cyclic or noncyclip, and aromatib oci nonaromatic, 
self-explanatory ciassifi<:^tioos with- respect to the side 
chain substituent groupis. pf the. «'£tsidues, and as small or 

30 large. The residue: is considered small if it contains a 
total of 4 carbon atoms or less, inclusl/ve. of the. 
. carboxyl icarbon. Small residues are, of 'course, always 
nonaromatic. • ... -^Z !...! . • 
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For the naturally occurring protein amino acids /* 
subclassif ication according to the foregoing scheme is as 
follows (see also Figure 1) . • 

Acidic : Aspartic acid and Glutamic acid; 

B^sjLg/nQncY<?3,jiQ; Arginine, Lysine; 

Baaic/cvelic; Ristldlne; 
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Neutr a 1 / pq 1 ar / sma 1 1 : Glycine, Serine and 
Cysteine; 

Neutral/polar/ larae/nonaromatic= Threonine, 
15 Asparagine, Glutanine; 

Neutral/polar/ large /aromatic z Tyrosine; 

neutral /nonpolar /small ; Alanine; 

2Q 

Neutral /nonpola r/Iarae/nonaromatic ; Valine, 
Isoleucine, Leucine, Methionine; 

Meutral/nonpolar/larae/aromatie; Phenylalanine, 
25 '. and Tryptophan.. 

The gene-encoded aaino acid proline, although 
technically within the groupf 

neutral/nonpolar/ large/cyclic and nonaromatic, is a 
30 special case due to its known effects on the secondary 
conformation of peptide chains, and is not, therefore, 
included in this- specific' defined group; 

Certain commonly enco\intered amino acids, which are 
not encoded by the. genetic code, include, for example, 

35 
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beta-alanihe (beta^ala) , :.or { other, cwiega-ainino acids, such 
as 3-amino propionic^ 4-ainino bui^yxic and so forth, 
alpha-aminoisobutyric acid (Aib) i .^aarcosine (Sar) , 
ornithine (Orn) , ..citruli4Tie--(citX homoarginine (Har) , 
5 t-butylalanina (t-BuA) .i;;-butylglyciho (trBuG) , 

N-methylisoleucine (N-M^i^K. ph^nylgXyciiie (Phg) , and 
cyclohexylalanin© (Cha) /r^rleu cysteic acid 

(Cya) and methionine [sulfoxide (M$oi. These also fall 
conveniently into particular categories. 
10 Based on the €il>ove. .definition, 

Sar and beta-ala a?e neutral/nonpolar/ small; 

t-BuA, t-BuG^ .k'Mefie, ^le^ ajid Cha are 
neutral/nonpolar/laige^pt^aromatip 

Ear and Orn^are b^ic/noncyclic; 
15 . cya is acidic; - ; ;::>^^ 

Cit, Acetyl Lys, ax^d .MSO ^re: 
neutral/polar/ larg^/nonigcfomatip;. . and 

Phg is neutrai/nonpolar/large/aromatic. 

See, also; Figure ,1. * 

20 The various omega-ainino acids arja classified 

. . . * 

according to size as neutpal/nonp^lar/ small .(beta*-ala, 
i.e., 3-aminopropiGnic, 4-ai&in6b\ityjric) or large (all 
others) . . 

Other amino acid substitutions, for those encoded in 

25 the gene can also be included in .pe/ptide compounds within 
the scope of the inventiqn and dan.jbe classified within 
this general scheme. ... " 

The nomenclature uspd tQ^ describe GLP.-rl analog 
compounds of the present invention follows the 

3 0 conventional practice wherein the amino group is assumed 
to the left an4. the carboxy group to the right of each 
amino acid in the peptide. In the/fonaulas representing 
selected specific embpdisi^nts . of the present invention, 
the amino- and* carboxy-terminal groups , although often 

35 
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not specifically shown, will be understood to be in the ' 
form they would assume at physiological pH. values, unless 
otherwise specified- Thus, the N-tenninal H"*"2 .^nd ^ 
C-terminal-0~ at physiological pH are understood to be 
5 present though not necessarily specified and shown, 
either in specific examples or in generic formulas. 

The foregoing describes the status of the termini 
at neutral pH; it is understood, of course, that the acid- 
addition salts or the basic salts of the peptides are 

10 also included within the scope of the invention. At high 
pH, basic salts of the C-terminus and carboxyl-containing 
side chains may be formed from nontoxic pharmaceutically 
acceptable bases, and suitable counter* ions include, for 
example, Na"*", K**", Ca"^"*" and the like. Suitable 

15 pharmaceutically acceptable nontoxic organic cations can 
also be used as counter ions. In addition, as set forth 
above, the peptides may be prepared as the corresponding 
amides* 

Suitable acid * addition salts with respect to the N- 
20 terainus or amino group-containing side chains include 
the salts formed from inorganic acids such as 
hydrochloric, sulfuric, or phosphoric acid and those 
formed from organic acids such as acetic, citric, or 
other pharmaceutically acceptable nontoxic acids. 
25 In the peptides shown, each encoded residue where 

appropriate is represented by a single letter 
designation, corresponding to the trivial name of the 
amino acid, in accordance with the following conventional 
list: 

30 
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. . . One-Letter 

Araino Acid Symbol 

Alanine . * 

Arginine " " R 

Asparagine N 

Aspartic acid * ; b 

Cysteine Q 

Glutamine Q * 

Glutamic acid E 

Glycine 6 • 

Hlstidine H 

Isoleucine I * 

Leucine L"* • 

Lysine k''* * ' 

Methionine M 

Phenylalanine * ' T' - " . 

Proline ^""^ 

Serine s'' . 

Threonine T 

Tryptophan v/* 

Tyrosine V • • 

Valine V 



The amino acids n6t encoded genetically are ab- 
breviated as indicated above. 

In the specif ic peptides, of the present applica- 
tion, the L-f orm of ahy;'imino acid residue having an 
optical isomer is intended unless otherwise expressly 
indicated by a dagger .(f) ' super scrxp't* .While the 
residues in the analogs of the invention peptides are 
normally in the nattural L optical' isomer fotia, one or 
' two, preferably one; amino acid in addition to a • 
-specified "same-amino-aicid-D fdrnL)** substitution iCor the* 

35 
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natiirally occurring amino acid may be in the D 
conf igur at i on . 

In the notation used in designating specific 
analogs^ the positions modified are shown as superscripts 
5 to the replacement amino acid; thus, (H^)^-GLP-i{7-37) is 
the noted GLP-l{7-37) form with the D form of histidine 
substituted at position 7; 

form with serine at position 22, arginine at positions 23 
10 and 24, and glutamine at position 25, 

Preferred Embodiments 

A. Enhanced Stimula tory Analogs 
For analogs with increased insulin-stimulating 
15 activity, particularly preferred analog compositions of 
the invention are those wherein only limited numbers of 
modifications or substitutions, as compared to GI»P-l 
truncated foxnns are made. Thus, preferred are those 
analogs where the modifications described in only one or 
20 two of the paragraphs (a) -(e) set forth above in the Dis- 
closure section occurs. 

Thus^ among the preferred analogs of the invention 
are those Wherein the (7-34), (7-35), (7-36) or (7-37) 
form of GLP-1 has been modified only by substitution of a 
25 neutral amino, acid, arginine, or a D form of lysine for 
lysine at position 26 and/or 34 and/or a neutral amino 
acid, lysine, or a D form of arginine for arginine at 
position 36 (paragraph (a)). Particularly preferred are 
. those wherein the amino acid substituted for lysine at 
3 0 positions 26 and 34 is selected from the group consisting 
of K^, G, S, A, L, Q, R, and M, and for arginine at 
position, 36 Is selected from the group of K,.K^, G, S, A,. 
1, Q, M, and R^.. ' 
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Also preferred are analogs wherein the sole 
modification is the sujsstitution of. an 

oxidation-resistant amino acid or tryptophan at position 
31 (paragraph (b) ) • Pattipirlarlj^. favozred substitutions 
5 are selected from the group CQiis^-stlng of F, V, I, A, 
and Y. . ^ ' > . 

Also preferred are tlxosa analogs wherein the only 
modification is at least Ahe of thbse specific 
substitutions set forth ill patagraph. (c) • Particularly 

10 preferred are those analogs vhera.in c.o;mbined 

substitutions of S for G at po^ltipn 22^ R at positions 
23 and 24 for Q and A re^ectively; and Q for K at 
position 26 have been m^de, or substitutions of Y for V 
at position 16 and K for s. at position 18 have been made^ 

15 or these substitutions plus D for E at positions 21 have 
been made. • ' 

Also preferred arc('' analogs wherein the sole modi- 
fications are those set X-Orth in paragraph (d) . Par- 
ticularly preferred am,ong , these are those wherein the 

20 small neutral amino acid substituted for. alanine at posi- 
tion 8 is selected from^the group consisting of S, S^, G, 

C^, Sar, A^, beta-ala^ and Aib;. and/or the acidic or 
neutral amino acid subsiixtuted for glutamic at position 9 
is selected from the .group ^consisting of E^, D, D^, Cya, 

25 T, T^, Nr N^/ Qi » Cit^-MSO, and >cetyl-K; and/or the 

alternative neutral aimiii^ *at:id substituted for glycine at 
position 10 is selected from .€he group consisting of 

Y, Y*, T, T^,, N^,.-Q,..Q^r Cit; MSO,; acetyl-K, F, 
and F^; and/or vhereix)^ is, substituted for £ at position 

30 15. . r . 

Also preferred 2u:.§ .^analogs wherein position 7 alone 
has been altered (paragriiph. (e) ^Pref erred 
substitutions are thosej«herein .thev/imino acid 
substituted f or histidine at position 7 is selected from 

35 • : • 
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the group consisting of Hf^ ^f^ ^ '^^ ^1 ^ ' 

Orn^, M, M^, N-formyl-H, N-fornyl-H^, N-acetyl-H, 
N-acetyl-H''', N-isopropyl-H, N-isopropyi-H^ , N-acetyl-K; 
N-acetyl-K^, P, and P^. ~ 

5 

Also preferred are embodiments with a combination 
ot only two of the above-referenced classes of modified 
forms, in addition to the following specif ic" embodiments. 

The following specific analogs are preferred: 

(H^>^-GLP-l(7-37) ; 

(Y)^-GLP-l(7-37) ; 

(N-acetyl-H) ^-GLP-1 (7-37) ; 

(N-isopropyl-H) ^-GLP-l (7-37) ; 

(A^)®-GLP-l(7-37) ; 

(E^)^-GLP-l(7-37) ; 
" (D)^-GLP-l(7-37) ; 

(d''')^-GLP-1(7-37) ; 

(f''')^°-GLP-1(7-37) 

(S) (R) (R) 2^ (Q) 2 ^-GLP-1 (7-37) ; and 



20 
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(S) ® (Q) ^ (Y) (K) " (D) ^^-GLP-1 (7-17) 



B. Enhanced Stability Analogs 

Preferred forms of analogs with enhanced stability 
also have only one, or at most two, amino acid 
modifications . 

Preferred substitutions for the histidine at 
position 7 include the D-forms of acidic or neutral amino 
acids or the D-forms of histidines. Preferred are P^, 
ot, Et, ^t^ Qt^ V^, and H^. 

The histidine at position 7, or a replacement (D or 
L) , can also be N-al)cylated (1-6C) or N-acylated (1-6C) • 
Alkyl groups are straight or branched chain (including 
cyclic) hydrocarbyl residues of the indicated member of 
Cv Acyl groups are of the formula RCO - wherein R is 
•alkyl as defined above.' Preferred al)cyl groups are 
22 propyl, a-propyl and ethyl; preferred acyl are acetyl and 
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proplonyl. Preferred re.sijiues which may be alkylated or 
acylated include P., D, E,~ p, Q, V, L, l, K and H in 
either the D or L form. 

Preferred substitipftions for alanine at position 8 
are the D-foras pf P, .V^^l;. i,-and Sf .also preferred are 
the D-foms of D, E,_ VL,X^/,j:, T> 3 and H. 

It is understood, - $s is demonstrated, below, that 
some specif ic anaibgs.show both'enhanced insulin release 
stimulating activity an4:: enhanced stabiiity. 
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gyepj^ra^tiPn 

The analogs of thi^|liTw;entJ.qn • can., be prepared using 
standard solid-phase techniques :f or the synthesis of 
peptides. As is geneiraljy .known^ peptides of the 

15 requisite length can hB Igrepare^l, jusing coirunercially 
available equipm6r£t: and; reagents following, the 
manufacturers: insbructipns for blocking Interfering 
groups, protecting the ^|ttino acJLd to be reacted, 
coupling, deprotection,vi^rid. capping of unreacted 

20 residues. Suitab.le equipment can be obtained, for 
example, from. Applied BioSy stems, iri Foster city, 
California, or Biosejarchi^^ in San Raphael, 

California. 

In a preferred jnethpd, the peplrides are synthesized 

25 using standard automated solid^hiase syn^thesis protocols 

employing t-butoxycarbonyl-MpHV^mino .^cids with 

appropriate side-chain prote;ctjion..: '^Compl^t peptide is 

removed from the soiid^ phase siiipjgprt with: siniultaneous 

side-chain deprotection .Hs.ing.!th.e standard hydrogen 

30 fluoride method. Crude:, jgteptides are further purified by 

semi-preparative reverse phase-HPLC (Vyciac C^^) using 

acetonitrile .gradients i^i 0. It trif luoroacetic . acid 

■ (TFA) . The peptides.: fiir^-.vacuujft. dried to remove- 

acetonitrile and lyophliiz.ed frjjsnL.a solution of 0.1% TFA 
35 • 
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in water. Purity is verified by analytical RP-HPLC, The 
peptides can be lyophilized and then solubilized in 
either water or 0.01 M acetic acid at concentrations of 
1-2 mg/mL by weight, "* 
5 The use of the aforementioned synthetic methods is 

needed if nonencoded amino acids or the D forms of amino 
acids occur in the peptides. However/ for peptides which 
are gene-encoded, recourse can also be. had to re- 
combinant techniqpies using readily synthesized DMA 
10 sequences in commercially available expression systems. 

Formulation and Administration 

The analogs of the invention are. useful in the 
treatment of Type II diabetes. The analogs can be 

IS administered systemically in a variety of formulations, 
as is generally known in the art. Formulations 
appropriate for particular modes of administration . for 
peptides are set forth in, for example, Remington's 
Pharmaceutical Sciences ^ latest edition. Mack Publishing 

20 Company, Easton, Pennsylvania. In general, the 

formulations utilize an effective amount of the analog or 
mixtures of analogs and at least one pharmaceutically 
acceptable excipient. 

A variety of modes of administration are effective 

25 in systemic treatment, such as injection, including 
intravenous, intramuscular, subcutaneous, and 
intraperitoneal injection; transmembrane or transdermal 
administration, using suitable suppositories or sprays; 
and, if properly formulated, oral administration. Suit- 

30 able excipients for injection include various physiologi- 
cal buffers, such as Hank's solution and Ringer's solu- 
tion; suitable transmembrane or transdermal formulations 
contain penetrants such as bile salts or fusidates;. and 
typical oral f ormulations* cdntain protective agents which 
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inhibit the digestion of ^the active' ingredient. Also 
available are various slow-release formulations involving 
macromolecular matrices #uch as pyifrolidones and methyl- 
cellulose. Alternate drug deliver^ systems include 

5 liposomes and microemulSions. A vairiety of f ormulations 
are workable, and the prgvisioh of appropriate formula- 
tions for the selected peptides and administration routes 
is generally understood" by practitioners. 

A typical dosage, range for the compounds of the 

0 invention is about 1 pg/icg-l mg/Kg ..body weight, although 
these are approximations-^depending upon i number of 

factors including the pptency of the analog, ;,its 
circulating half-life,, the individual characteristics of 
the subject, and the l'ik|.^ Optimization of 

5 administration of insuli^ for diabetic treatment of 

individuals is well established, and similar optimization 
protocols are employed here. 

EXflWPXes 

0 The following examples are intended to illustrate, 

but not to limit, the invention, 

Enhanced Insulin Stimulation bv Analogs of tihe Tnventton 
5 As shown in Figure 2; analogs .of the invention 

having a variety of substituents modifying the native 
structure have been prepared:. Some of th^se analogs have 
been tested in the adenylate cyclase assay referenced 
above, with the results shown in Table l. 
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TABLE 1 



10 



15 



20 



25 



30 



Positive Controls 

GLP-l(7-37) 

GLP-1 (7-36) (amide) 

Related Peptides 

Glucagon 
Secretin 
GIP 
GRF 

G1:J>-1(1-37) 
GLP-l(2-37) 
GLP-l(3-37) 
GLP-l(4-37) 
GLP-l(5-37) 

Analogs 

(H^)'^-GI,P-l{7-37) 
(Y) ^-GLP-l(7-37) 
(N-acetyl-H) ^-GLP-1 (7-37) 
(N-isopropyl-H) ^-GLP-1 (7-37) 
{K)^-GLP-l(7-37) 
(A^)^-GLP-l{7-37) 

(E^)^-GLP^i(7-37) 

,9 



ED50 nM 
DuDlicatQ Assays 



0.16 
0,16 



80.0 
NR. 
10.0 
MR 



(D)'-GLP-l(7-37) 
(d''')^-GLP-1{7-37) 
(f''^)^°-GLP-1(7-37) 
(&) (R) (R) (Q) ^^-GLP-l(7-37) 
(S) ® (Q) ^ (YJ (K) ^® (D) 2^-GLP-l (7-37) 0.31 



>1000 

70 
130 
150 



1.1 
5.0 
15.5 
15«5 
350.0 
0.40 
55.. 0 
0.17 
0.90 
12.0 
0.94 



0.25 
0.20 



140 
37.5 



2900 

81 
200 
750-970 



2.2 
5.0 



0.55 
74.0 

0.28 

0.90 
23.0 

1.8 



ODOG f_ '3 1^ 
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The various analogs; of the rinvention thus show a 
useful range of . potencies lin the -insulinotropic assay. 

Enhanced Si^A>ify7^t.Y ^f Analogs 



A. Demonstration of Mode; of. Tji^ct:iva<^<nn 

The GliP-l (7-37) truncated hormone wa& 
radioiodinated and the puarified;' peptide was incubated 

10 with plasma and assayed ^ radiolabel sequencing as 
described hereiiiabovev The sequencing was done on 
samples at time zero, IS .jninutes "and 60 minutes. At time 
zero, a single peak : of tra&ioactivity was found at cycle 
13 indicating no degradation, Af tar- 15 minutes, the 

15 amount of radioactivity in cyclfe iV was reduced, and that 
in cycle 11 was enhanced^i After 60^ minutes of 
incubation, virtually .al?]?iJof the counts appeared at cycle 
!!• •* -V. 

It thus appears that a. single dipeptidyl 

20 aminopeptidase cleavage 'is responsible for the 
degradation of the .GLP-i (7-3.7) peptide. ' 

The foregoing r^ults are. Odh*3As tent with 
degradation as mezisured by RIA u£tin^ M-terminal specific ' 
and C-terminal specific ^htisera^ When incubated with 

2S plasma as described above and tested by RIA, no 

diminution in the abilit^ of thk ^recovered fragment to 
inhibit binding of radiolabeled GLP-1 (7-37) to carboxy 
terminal-specif ic antibddjr was found; however, the 
ability to inhibit bitidii^g to the amino terminal-specific 

30 antibody decreased almost 'to zSifci after 1 hour. 

B. GLP-l f7-37> An a Ibas Tested bv J^adiolabel Secrueneino 

The radiolabel sequencing metiiod of degradation 

analysis was cdnducted u^ing a GLP-i (7-37) analog which 
35 . ' 



wo 91/11457 



PCr/US91/00500 



-32- 

contained either D-Asp in the 9 -position or b-Ala in the 
8-position. The results of this assay are shown in 
Figure 3. Figure 3A shows the results for (D^)^-GLP-i 
(7-37) and Figure 3B shows the results for (A^)®-glp-i 
5 (7-37). As shown in these figures, the (D^)^ analog 
degrades in a manner similar to GLP-l (7-37) ; on the 
other hand, the (A^)® analog showed almost no degradation 
after 60 minutes. 

10 C. Analogs Tested by RI^ 

The N-teirminal specific antibody can be used to 
measure the degradation of analogs only if it is able to 
cross-react with these analogs, which themselves contain 
alterations in the N«-terminus* Figure 4 shows the 

15 results for analogs modified at positions 7, 8 and 9, 

(Y)'', (H^)^ and (A^')^ appear to be capable, although at 
high concentrations, of cross -reactivity; (D^)^ is not. 
The cross-reacting peptides were incubated with plasma 
for 60 minutes at high concentrations (10-100 nM) and 

20 tested by RIA using RIA against the N-terminal specific 
antibody. Consistent with the results in paragraph B, 
the (A^)^ analog was not degraded after 60 minutes, nor. 
was the (H^)^ analog. However, the (Y):^ analog was 
degraded. 

25 

D. Analogs Shown Protease Resistant by KPLC 

The resistance of various analogs to degradation as 
compared to GLP-1 (7-37) was also tested by HPLC as 
described above. The incubation in plasma was for 60 
30 minutes; either degradation was not observed or was 

complete after this time. The results are shown in Table 
2. . • . ' ' . ... ' 

35 
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TABLE 2 



Analog 



Resistance to 
:; Degradation 



10 



15 



(H^)'' GLP-1 (7-37) 

(K-acetyl-H)^ GIJ>-X (1t27) . 

(N-isopropylrH) ^ Gti-1 {7;^37) - ...^ 

(Y)^ GLP-1 (7-37.) . .J- . 

(K)^ GLP-1. (7--37) I 

(N-acetyl-K)^ GLP-1 (7-37) 

(S) ^ (Q) ^ ( Y) (K) " (DX^^ C^"^ (7-37) 

(A^)® GLP-1 (7-37) . ^ 

(D^)^ GLP-1 (7-37)' 

(E^)^ GLP-1 (7-37jj 

(Q)^ GLP-1 (7-37) * 



20 



25 



30 



35 
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1. A peptide useful a therapeutic for Type II 
5 diabetes, said peptide being more potent than glucagon in 
stimulating insulin release from islet cells, and said 
peptide consisting essentially of GliP-l(7-34), 
GIiP-l(7-35), GLP-l(7-36), or GLP-l{7-.37) or the 
C-terainal amide fona thereof, having at least one 
10 modification selected from the group consisting of: 

(a) substitution of a neutral amino acid, arginine, 
or a D form of lysine f6r lysine at position 26 and/or 34 
and/or a neutral amino acid, lysine, or a D form of 
arginine for arginine at position 36; 
15 (b) substitution of an oxidation-resistant amino 

acid for tryptophan at position 31; 

(c) substitution according to at least one of: 
Y for V at position 16; 
K for S at position 18; 
20 D for E at position 21; 

S for G at position 22; 
R for Q at position 23; 
R for A at position 24; and 
Q for K at position 26; 
25 (d) a- substitution comprising at least one of: 

an alternative small neutral amino acid for A 
at position 8; 

an alternative acidic amino acid or neutral 
amino acid for £ at position 9; 
30 an alternative neutral amino acid for G at 

position 10; and 

an alternative acidic amxno.acid for D at 
position 15; and 

35 
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(e) substitution 6f ah alternative neutral aaino- 
acxd or the D or N-acyl,tfed or a UyUt^d: for. of 
histidme for histidine kt- posittioA-? 

a»in f*>-•<^)'-«*):^^?^■^e), -the substituted 

a:axno acxds can optionally be in the D fonn and the a»i„o 

acxds substxtuted at -positioft r -.a^^^^ l^'' 
M-acylated or tf-^Ucyl^^: totm.\ ■[ ■ 



2, The peptide. o*iSlaia i. Wherein- the . only 
10 -^-fication is as set f 'o^tK irt pa^ag^aph (a) of clai» x 
and wherexn the amino acicf substituted fox: lysine at 
positions 26 and/or 34 i^ selected f«a the group 
consisting Of Kt, .0, S, Ki^l., I, q, « 
a«xno aeid s«bstituted.-i^r argihine-at position 3 6 is 

«^ , ^^^^'^'^lly combination with- a modification as 
set forth xn one .additional; para^ra^h of ' claim x. 

20 3. The peptide Of ; claia x Wherein the only 

modif ication is as- set f ^h- i,^parl|-^aph (b, of claim 1 
and wherexn the amino aci£h .subs^itutW " f or t'fyptophan at 
position 31 is select-.d ffok thV^oup bonsis^ng of F 
V, L, I, A and Y, . :•• 

25 optiohaliy in combination with a modification as 

set forth in one. additional pari^aph of claim i. 

4 . The peptide- of 'claim 1 i/herein the only 

30 "fl'"'^" "^'^^'^^..i-P-^^-Ph (c, Of Claim 1 

30 apd Wherein combined sub^tittitionB of s for G at position 
22, R at positions 23 a„a: 24 for Q>nd A respectively 
and Q for K.at position have. been Mde, dr • 
substitutions Of V f or .V. a^;positi6^M6 and K tor S ^t 



35 
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position 18 have been made, or these substitutions plus D 
for £ at positions 21 have been nade, 

optionally in combination with a modification as 
set forth in one additional -paragraph of claim l. 

5 

5. The peptide of claim 1 wherein the only 
modification is as set forth in paragraph (d) of claim i 
and wherein the small neutral amino aaid substituted for 
alanine at position 8 is selected from the group 

10 consisting of S, S^ G, C, C^, Sar, A^, beta-ala, and Aib 
and the acidic or neutral amino acid substituted for 
glutamic at position 9 is selected from the group 
consisting of E^, D, D^, Cya, T, t"^, N, n^, q, qt^ cit, 
MSO^ and acetyl-K, and the alternative neutral amino acid 

15 substituted for glycine at position 10 is selected from 
the group consisting of S, , y, , T, ^ N, N^, Q, 
Q*^ Cit, MSO, acetyl-K, and F^, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 1. 

20 

6. The peptide of * claim i wherein the only 
modification is as set forth in paragraph (e) of claim 1 
and wherein the amino acid substituted, for histidine at • 
position 7 is selected from the group consisting of H^, 

25 Y, Y^, F, , R, R^", Orn, Orn^, M^^ N-formyl-H, 

N-formyl-H^, N-acetyl-H, N-acetyl-H^, N-isopropyl-H, 
N-isopropyl-H"'', N-acetyl-K; N-acetyl-K^, and P^, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim l. 

30 
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7. The peptide of claial which is selected from 
the group consisting of • 

(H'f)'^-GL!>-l(7-37) , ^ _ 

5 (Y)^-GLP-l(7-37) , 

(N-acetyl-H) '^-GLP-l (7-37) , 
(N-isopropyl-H) ^-GLP- 1(7.-37) , ' 
(a'^)®-GLP-1(7-37) . r 
^® (E"^)^-GLP-l(1r-37j ; 
{D)^-GLP-1(7-37) / 
(D^)^-GLP-l(7-37>, 
(F^)"-GLP-1(7-37) ^ 

15 

(S)22(R)2^(R)^*(Q)^^-GI^^1(7-37), i^nd , 
(S) ® (Q) ^ (V) (K) ^® (D) ^^ifSLP-l (7-37 > • 

8. A peptide, useful as a therapeutic for Type II 
20 diabetes, said peptide having enhanced resistance to 

degradation in plasma as^ compared to GLP-1 (7-37) and 
said peptide consisting Essentially of GLP-i(7-34), 
GLP-l(7-35), GLP-l(7-36) , or GLP-l(7-37) or. the 
C-terminal amide form thereof, having. -at least one 
25 modification selected from the group consisting of: 

(a) sut>stitution of the D form of a neutral or 
acidic amino acid or t^he D form of. histidine for 
histidine at position 7; 

(b) substitution of a D fc^ of an amino acid for 
30 alanine at position 8; and 

(c) substitution of an N-icylated (1-6C) or N- 

, alkylated (1-6C) form of. an alternate amino acid or '.of ' 
histidine for histidine at position 7. . < 

35 
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9 . The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (a) of claim 8 
and wherein the D form of the amino acid substituted for 
histidine at posi-tion 7 is STalected from the group 
5 consisting of D^, E^. gt, yt, jt ^nd H^ 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. 

10 • The peptide of claim 8 wherein the only 
10 modification is as set forth in paragraph (b) of claim 8 
and wherein the D-amino acid at position 8 is selected 
from the group consisting of p'^, v''', L^, , and A^, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. 

15 

11- The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (c) of claim 8 
and wherein the alkylated or acetylated amino acid is 
selected from the group consisting of V, D, E, Q, V, 
20 L, I, K AND H, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8 . 

12. A pharmaceutical composition useful in the 
25 treatment of diabetes Type II which comprises an 
effective amount of the peptide of claim i or 8 in 
admixture with a pharmaceutically acceptable excipient. 



30 



35 



13. A method to treat Type II diabetes which 
.method comprises administering to a subject in need of 
such treatment, ein effective amount of the peptide of 
claim 1 or. 8 or: a pharmaceutical composition thereof . 
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14. The peptide of claim 8 which is selected from 
the group consisting of 



(H')'-GlP-l {7-37 J , - 
(N-acetyl-H)"'-GLP-l (7-37), 
(N-isopropyl-H) ^-GU-i (7-37) , 



(N-acetyl-K)''-GLP-l (7-37), and 
8-GLP-l (7-37). 



(At) 8 



10 



15 



20 



25 



30 
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Acidic: Glu (E), Asp (D); Cysteic (Cya) 



Basic: 



Non-cyclic: Lys (K),- Arg (R); Ornithine (Om); 
^ . Homoarjginin (Har) 



Cyclic: His(H) 



Neutral 



Polar 



Small 




Non-Polar 



Small 



Non-aromatic Aromatic 



Gly (G) Thr (T) 
Ser (S) Asn (N) 
Cys (C) Gin (Q) 

Cit 

MSG . 
Acetyl Lys 



Large 



^^ori-aromatic Aromatic 



Tyr (Y) Ala (A) Val (V) Phe (F) 

Leu(L) Trp(W) 
ne (D 

• ■ Sar.- • iBuA 

Beta-ala tBuG Phg 
Aib N-MeDe 

Nle 

Cha 
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The following are modified forms, as shown, of 
GLP-l(7-37): 



A-1 


(Ht)7 


A-2 




A-3 




A-4 




A-5 


(Ft) 7 


A-6 




A-7 




A-8 


(Orn) 


A-9 


(Ornt)*' 


A-10 




A-21 


(N-acetyl-Kt) 


A-22 




A-23 




A-24 


(At) 8 


A-25 


(sar) ® 


A-26 




A-27 


(ct)8 


A-28 


(o)° 


A-29 


(S)^ 


A-30 


(St)8 



A-11 

A-12 

A-13 

A-14 

A-15 

A-16 

A-17 

A- 18 

A-l$ 

A-20 

A.31 

A-32 

A-33 

A-34 

A-35 

A-36 

A-37 

A-;38 

A~i39 

A-40' 



(N-fomayl-H) ^ 
(N-f ormyl-Ht ) 
(»-acetyl-H) ' 
(N-acetyl-nt)' 
(K-lsoprcpyl-H) ' 
(K-isopropyl-nt) 

(Kt)7 

(M-acetyl-K) ^ 

(beta-Ala^) 

(Aib®) 

(Et,9 

(D)5 

(Dt)' 

(Cya)9 

(Tt)9 

(N)3 

{Nt,9 



A-41 
A-42 
A-43 
A-44 
A-4S 
A-46 
A-47. 
A>48 
A-49 
A-50 



(Q) 
(Qt)^ 
(Cit)5 
(MSO) * 
(Acetyl-K) 

(S^^) 10 
jYjlO . 



CT) 



10 



A-5i 
A-52. 
A-53 
A-54 
A-55 
.A-56. 
A-57 
A^SS 
A-59 
A-60 



(Tt)" 

(N)" 

(Nt)lO 

,10 



10 



(Q) 

(Qt,10 

(cit)i° 

(HSO) 
(Acetl-K)^° 
(Ft)" 

(S)"(R)"(R)24jQj26 
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.. FIGURE 2.gnn'r 



A-61 (S)8{Q)9(yjl6jjj,18jpj21 

A-62 (T)^^(K)^^ 

A-63 



A-65 




A-66 




A-67 


(D)21 


A-68 




A-69 


(R)23 


A-70 





P(nyus9i/oosoo 



.A-71 


(A)2S 


A-72 


(Q)26 


A-73 


(Kt,26 


A-74 


(G)26 


A-7S 


CS)26 


A-76 


{A)?« 


A-77 


(L)26 


A-78 


(1)" 


A-79 




A-80 





A-81 (K^)34 ^ 

A-82 (G)3* , ^ \, 

1A A-92 (1)31 

A-83 (S)3* . . • ^ \. 

.A-93 (A) 3^ 

A-84 (A) 34 1*^1 

A-94 (Yl^l 

A-as (L)^* 1 ,^ 

A-86 (1)3* , L 

A-87 (Q)3* 

3d A-97 (K)3^ 

A-88 (M)3* * i ,^ 

A-89 (F)^l . * 

51 A-99 (G)36 

A-ipi (1)36 

A-102 (Q)-'* 

A-103 (M)^^ 

A-104 (R^)^* 

A-IOS (S)^® 

. A-106 (A) 3^ 
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WO, A, 87/06941 (HABENER) 

19 NOVEMBER 1987, see entire document. 

ENDOCRINOLOGY. VOLUME 126, No. 4, tssued- 
1990, D.Gefel et'al., "Glucagon-like peptide-I 
analogs: effects on iasul'l.n secretion and adenosine 
3' ,5 '-monophosphate formaklon, pages 2164-2168, 
see entire document. 
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• SptcUt catto«^M imm'wks: »» 

*A* doeumont Mning th« gtAtrU tiat* of'ih^ sM VfMch It Mot 

coA«W«f«d 10 b* el pamcgiar fffl«v«nct - 
t" «aHI«# doevfntAl but pubu»n«d on or aJttr iAl«maHent) 

ntlflfl dato 

•L* doeumofti which may Ihio* doubti or* prloiUv eblm(;) or 
wMcli !• dltd 10 Mlabllih lh« Bul^SeBJilp-a djlt*. •! anoth*' 
dtottoa or othw tpvcist rtatoa lat sptdatdl • 

"O* dO€U<MAl KftrrlAff to an «ral diielesurt, otfUbttfon of 



"P" doeufwat DUblUhad prior to lha IfiUrnaUonat nUiiv dal^but 
tottr Ihifi Uit prloiitr doto claimtd y >^, ; 



*T* U*f dofumtnt pwbliBhfd altor tha Intornatlonal nttna data 
or pHofctT data and not In cpAflltt with tha appUctUon taui 
.• ca«d lo 0nd«rsi»nd tn* pHnctpla of thaery wndartylfig tna 

-X- doctt/naftl ol 'particulaf ftla»»nca: tho dUmod InvonHen 
cannot .ftt contldcrtd noval or -cannot ba eonaidarod lo 
lnvolvii.An Invents a atap 

"Y- do^tim^nt ol pofttcifter rala^antft; tho dalmad ln»ontion 
■ - cannot ba conoidtrad *9 JnvoUa an ln>»o«u»» attp whan tfto 
docwmanl la *of«blnad wRh ono of ffwo othar auch doeo- 
manli. a vcn •combination balng obvioua to o paraon aWltd 
tnitit «*« 4 ! ^ • , i . 

'A* doevmfnt'ma'mbtr of |ho nh\i ptttni lamOy 
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V.Q OBSIftVATIONS WHCAC CCRTAIN CLAIMS WCfie fOUNO UNSCARCHABiff t 



Till* lAUfnAtfonil atveh rvpotl lus aoI b«tA ttUbRthtd bi rito«ct of ctrttlA claims und«r Adlet* 17(J) (•} lor me fonowing r«««on«: 
a«fm numbers . bteauti thty !« •ubitel nMitcr » not rtqulrtd lo bt ••arclitd by tWt Avihorily. nimtfy: 



a-O Oaim niMibtri . bte«tts« tht| rilaU to p«fU of tho lAlvrnotlonal •ppllcitlon th«t do not comply ^llh lh« pioscribtd rtqulro* 

intQts to sucli «n oxtMl thol no mtanmoful fnttrnatlonal sotrch can bo carried out >. sp«cincally: 



xQ CUim ftuflibart^ 



PCTRuto 6.4(1). 



» bocusa tfioy ara dapondtnt daimr not dnftod In aooo/dancb with tfta saoond and »iW «ni*Ac«t of 



Vl.@ OSSenVATIONSWHIRC UNITY INVENTION IS LACKINO> 



Thli lAitrnailonai Sairehino Authority found mulupio Invtntlona In ihU IftUfftaflonal appUeatton ai loltowt: 

.See Attachment 



I.Q Aa on taqidrod addnJonal aaareh fata wtro Hmaiy paid by the appDeant. tMs IntemaUonat aa arch nport covers ak Marehablo claims 
of Iho talamadoAbl appOcatiaik • 

2Q Aa emy aoma of tha raqulrcd addlltonjt aaareh Itaa were tlin«»> paid by the appBcant. lAla international w- r.pori wv«ara only 
thoaa ctalma of tfta lalerMUoAai applleallon tor which feea were paid, aoeeiflcalfy claima: 

3.(3 No fqutfd addlbOflal laareh U%$ ware timely paid by the appficant. Conaequtnlly. Ihia intarnaUenal aaarc^ repof t la lasiifetad W 
tha Invention arat mentioned In Ilia claima; a it covered by claim numberi: 

1-7 and 13 (Telephone Practice) 

*0 *»«»«aarehableeWmi could ba aearcned withowt e*!ort tustifyinf an oddittonAl lea, the InlematfOAat Searchma Autnoiily did not 
tiivita paiment of any addibonal lee,. w r 

ReifMHi on Protcat • . • 

Q tha addolpnal aaareh feea wera aceempanlcd by appficafli'a proietL 

No pioltai accomsaAlad the paymeni ol additional aiarch lets. 



Tonn PCmSA^lO |t((«laaMtil sMat (3) (flav. 4^ 



Vr. OhsMrvarinriA WhPrft (fnir.y of fnvpntinn is r,.Hr'Kin.4 

T. <:i«iiiis 1-7 ;»nH 13 ^ro Hr^wn Cft t hft pAptiilMK wh i rh ar- 
mor** pntenr than glucagon in atinuilaciriq irusulin 
rclpawM from, is^f.t cells d.^ssififtd in . 
subclac^s 308- 

ir. Clciims 3-33 and 14 ar#* drawn to zhfi ppptld^s uiih 

K:tban«'rf1 r:'f:Lsirtnc^ zr: di^gradatlon classified in rldws 
530. subclass 308. 

III. Claim 12 is drawn to che pharmaceucical conipositif »ri 
• i.ir^.^fi in class S14, subclass 13 



1 



mmm 



